Materials
Methylammonium iodide (MAI) and methylammonium chloride (MACl) were synthesized according to literature. 33 Briefly MAI (or MACl) was synthesized by adding methylamine (40% in methanol, Aladdin) and hydroiodic acid (57% in water, Aldrich) (or hydrochloric acid, 37% in water) in 1:1 molar ratio into a beaker at 0 °C with stirring for 2 hours. After reaction, the solvents were removed by rotary evaporation and the products were recrystallized and washed by hexane several times to get white crystals. The TiO 2 nanoparticles were synthesized according to the following steps. Firstly, 0.5 mL of TiCl 4 (Aldrich, 99.8%) was added into 2 mL of ethanol and then mixed in 10 mL of anhydrous benzyl (Aldrich, 99.8%), obtaining a yellow solution. Then, the solution was heated at 80°C for 9 h. 1 mL volume of the resulting suspension was precipitated in 12 mL of diethyl ether and centrifuged at 4500 rpm to isolate the nanoparticles. The synthesized nanoparticles were dispersed in ethanol, receiving a transparent solution of nanocrystals with a concentration of 5.3 mg mL -1 . Lead iodide (PbI 2 , 99%) was purchased from Sigma-Aldrich. 2,2',7,7'-tetrakis-(N,N-di-pmethoxyphenylamine)-9,9'-spirobifluorene (spiro-OMeTAD) was purchased from Luminescence Technology Corp. All the chemicals were used as received without further purification.
Sample characterization
UV-visible absorption of the MAPbI 3-x Cl x films deposited on different substrates was measured to understand the effect of PFN-2TNDI on the perovskite optical property using UV 3600 spectrophotometer (SHIMADZU). Other characteristics such The J-V data was acquired with reversed scan in the potential range from 1.2 V to -0.2 V with a scan rate of 10 mV s -1 . X-ray diffraction (XRD) measurements were performed by Philips X-ray diffractometer with Cu Kα radiation. The samples were scanned from 10° to 80° with a step-size of 0.02°. The top-view scanning electron microscopy (SEM) images were taken by Nano SEM 450 (Tecnai G20). Timeresolved photoluminescence (PL) decay spectrum was measured using time correlated 
